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(54) Mec))9nlcany Joining an Inner tube to an outer tube 

(57) Am0thodof]o!ningmochan»8liyanlnnortubo(2)toan 
outer tube (1) by radbl axpanstonoT at least the inner tuba 
with ttw aid of an inlemal overpressure. 

The method is paiticubrty charaCteitzed by filling the 
Inner tube (2) with an explosive gas of detarm bed 
ooflipoMBilNKV temperatm and pressure, and by IgnlQiig and 
exploding the gas. 

A core (1 4. Rg. 2, not ^cwn) may be used to reduce the 
amount of gas required. 
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ji ffefhnd and Arranagn^ foe Mech anically JoinliKi an Inner l^be to m 
Outer TXibe 

5 The present invention relates to a method for joining an inner tube mech- 
anically to an outer tube by radial expansion of at least the inner ttte 
by laeans of an iiitecnal overpiressiiEe* 

Ihe invention also relates to an arranganent for carcying out the method. 

10 

It is often desirable in the oil industry, tiie i±adcal industry and in 
nuclear power plants, etc. to pcwidte steel tubir^ car piping with an 
internal non-oorrodix^ ling made for instance of stainless steel, Inocnel^ 
ItiooUqy cr titanium. 

15 

Pcb: sane usages, it is necessary to bond the lining to the outer tube 
ertxwdjcally, which can be achieved with tte aid of explasion velding, 
eoctrusion or surface welding technigues* 

20 Other usages, however, retjuire solely a nedenical press joint, lAiiA can 
be achieved by pressing an inner tube of nonroarroding material radially 
outwards and into contact with tlie outer tube, with the aid of an internal 
liqudUa pressure. Alternatively, the outer tube can be heated during the 
pressing operaticn, so that the joint will be str^igthensd ^jrinkage 

25 as the outer tube oools. 

In ordec to achieve a good join bet^ween the tubes, or pipes, the material 
of the inner tube should, be def onned above its elaff t i n limit and the cuter 
<-iiVv> material def o n u Bd within the limits of its elastic limit* 

30 

Mthou^ the knc3un methods of creating a mechanical join are less expensive 
than the msthocte for achieving an atcmic bond, they are nevertheless 
ocnplicated and cost denarrling due to the large dimensica^ and lengths of 
the tubing or piping oGicemed. Pear exasple, a oil pipe of 12 metres 
35 in lergth will acoosaoodate about 7-5 cubic metres of pressure medium. 

irrespective of whether radial ©^jansion is effected with the aid of a 
l^draulic puEq^i or with tha aid an explosive dtaacg& in water, the cycle 
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period is quite ooresiiaerable and handling is relatively difficult due to the 
amount of liquid used. 

The pocHsent invention provides a quidcer and a sinpler method of effecting 
5 a medianicsd join or connection between an inner ncnr^oorroding liner or 
tube and an outer tube. 

The pcesent invention thus relates to a netliod of joining aecijanically an 
inner tube to an outer tube by radial ea^ansion of at least the inner tube 
10 with the aid of an internal overpresOTre. 

Ihe method is particularly characterised in that tte iimer tube is filled 
with an e3q>losive gas of determined oarposition^ tenperature and pcessure^ 
and in that the gas is caused to be ignited and exploded, 

15 

The Invaitian also relates to an arcangement for joining aeciianically an 
imer tii^f* to an outer tute by radial ea^ansion of at least the inner tuba 
ly means o£ an Internal overpressure. 

20 Thft arrangement is particularly characteriaed by devioes for filling the 
inner tube with an es^xLosive gas of determined ocBpositicn, teaaperature 
and pcessure; and by devices for igniting tlae eaqxlosive gas and caaising 
the same to eo fplndft * 

25 Tlie invisntion will ivxt be described in nore detail with ref erencae to 
exemplifying enixidiniants 1±eceof and with referenoa to the BoaoBpar^iiig 
drawings^ in which 

- Figure 1 iUustrabes fir fy Bma tl^iiy and in axial section a first Gaabodi- 
insnt of the inventive arrangement; and 
30 Figure 2 is an axial section view of an inner tube, an outer tUber and 
a filling tube or Ijn^r of a second entodiment of the inventive arrangement. 

m tiie description and Claims, tiie word gas is used to IdentijEy both 
individual gases and gas i&ixtureSf for exaspla explosive m i xtur es of 
35 combustible gas and an oxidizing gas« 



Shown in Figure 1 is an outK tube or pipe 1 in which an inner tube or 
lining 2 is placed. Ihe tubes are dosed at botti «as end covers 3, 



3 



3'. A ntbctuKB of oorabustible gas 5, e.g. hydrogen gas, acetylene, hyciro- 
cartois such as gasol, town gas, gasolene, etc. , and an ascidizing gas 6, 
such as ooq^geri gas cr air is intrcxJuced through one of said end oovers. 

5 Ohe explosive gas is intended to be explnded hy ignition with, e.g., an 
elec±ric ^azk or a pyrotedinic ignition cartridge. Ihe illustrated 
caitodiment oonprises an electrical ignition systan, including spark plug 
7, cable connection 8, and a hi^^b voltage unit 9. 

10 The reference 10 identifies a non-return valve \iftiicii prevents the ea^losion 
ftxm propagating to the gas delivery systaii upon ignition. 

Ohe pressure generated within tiie inner tajb© by ejqOosixjn of the gas is 
determined by the cc«|)osition, puressure and taiperature of tte gas prior 
15 to the e>5aosian* Gas pressure can also be affected ly mlxing-in other 
gases, such as nitrogen, cartoon diflodde, etc. 

Expansim of the iiror tube is fadLUtated when the gap !♦ defined betwe^ 
ofposlng surfaces of the inner and outer tubes is evacuated of air during 

20 the tuba joining process, for instance prior to the eaqpaosion, Ihis can 
be addcvHi, for instance, with the aid of a bole 1« through the outer 
tube 1 (FigurB 1) \*iich places the gap 1» in connMnication with the ambient 
suncundings of the outer tube, the gap being evacuated, for instance, 
throu^ a nipple V • ♦ and a vacum punp not siicwn. In order to oi:A:ain a 

25 oortTOlled ani reproducible expansioi, gas quantities and gas pressures 
are preferably controlled ty autonatics ii, ooxprlsed of solenoid valves 
and time-functian electronics for instance. Aocording to one preferred 
entodixnent, the mergy ccsitent of the explosive gas is intaided to be 
ad^ited for plastic def arnation of the iimer tube and, solely for elastic 

30 defooation of the outer tiAie. 

The air is evacuated throagh a line 12 fitted with a valve, prior to 
introchxdi^ the ei^ljosive gas. Mtematively, the line is left open 
during the initial inflow of gas and is closed \AsESi tbe gas pressure 
35 increases. This method is used preferably when the air is used as an 
Qxidizing gas. 



When the e)«>losion has taJoen place, the pressure is relieved through a 



pressure relief line 13, vihereafter the end oorvers are renoved. 



In the case of contimofus prcxaucticn, the end covea: through Ji^tncn the gas 
is introduced is pref ecahly fiyedly mounted and the opposite end cover is 
5 C2$)ahle of beingr novel axiaUy ly meams of bydraiilic dsvioes (not ^ham) 
for example. 

In the case of lacrge tv>^ dimensims, the inner tube will ^tt% uwm xlatp much 
nore gas than that required for its expansim. In this case, the gas may 

10 be given a low initial pressure or may be ndmlxffd witii an inert gas or 
air* Another alternative is to reduce the volune of the inner pipe, by 
placing therein an haaogencus or hollcw rod, as indicated in Figure 2. In 
the Figure 2 embodiment, 1 identifies the outer tube, 2 identifies the imer 
tube and 14 idaitif ies a rod or a thidc-walled tdbe. Ihe end covers witti 

15 attachments sfaoHn in Figure 1 are not stxxm in Figure 2. The gas is 
introduced into the inner tube and caused to explode in the space 15 
between the bstr or tube 14 and the inner tube. 

Ihe inventive method and the method of operation of the inventive arrange- 
20 ment will be understood in all essentials froA tisa aforegoing- 
It will also have been understood that the invention provides a msthod of 
joining medianically an inner tube to an outer tube in a far quieter and 
iminh sinpler manner tiian can be achieved vitii kncMn techniques* 

25 

TUB invention has been described in the afiocegoing witti ref econoe to 
different embodiiaants. It will be understood, bcwever, that cUier erabodi- 
msnts and minor nodifications are conceivable within the scope of the 
inventive oono^art. 

30 

FtKT exancOa, the gs^ 1* can be evacuated throo^ one of tte end csovers 3, 
3\ as indicated by the bcciosn arrw 3" in Figure 1. 

IbB invention ah^n not therefare be considered Umitfd to t±ie af oredes- 
35 cribed and illuBtxated aobodiments, since modifications can be made within 
the scqpe of the following Claims. 



!• A TOthod f or joinijig mecAauriically an inner tube to an cxxter tube by 
5 radial e^qsansim of at least the inner tube, with the aid of an internal 
overptressure, characterized by filling the irmEr tube 
with an explosive sas and by igniting ttie gas and causing the sane to 

explode. 

10 2. A method aooording to r^^^m i, characterized by adjusting 
the energy conbent of the explosive gas vipon ignition and explosion, such 
that the inner tube will be defonned plastically and the outer tube will 

only be deformed elastically. 

15 3. A B^lliod acoardiiig to Claijn 1 or 2, characterized ty 
evacuating air frcm the ixmer tube prior to introducing the explxjsive 
gas. 

4. A iietbod aocxjDddng to claim 1 or 2, characterized fcy 
20 evacuating air fcon tte Innar tuibe with the aid of a ^ intended bo 

f coon an explosiva gas* 

5. A method acjoording to Claim 1, 2, 3c(r4, characterized 
by decreasing the ^secif ic energy ocaitent of the e^tplosive gas by using a 

25 relatively low initial pressure ana/or by diluting ttie gas with an inert 
gas, such as nitrogen or carbon dioodde. 

6. A mettjod aooording to Claim l, 2, 3, 4 or 5^ charac- 
terized by reducing the available gas-filling volume of the inner 

30 tube fay placing a body in the inner tube. 

?• A nedjod aoootjding to Claiai l, 2, 3, 4, 5 cr 6, charac- 
terized by evacuating the g^ defined between tiie inner tube 
and the outer t^^be of air during the tube joining process* 

35 

8. A nathod aocoicding to any one of the preceding CLains, char- 
acterized ty placing the tdbes betoecn two covers 
which sealingly connect the tubes; pcoviding an explosive-gas dalivecy 



line at one otI cxwer whidi is preferably fixedly arrangGd; 

po3viding evacuaticn outlets at the ottier end caover^ \iAiich 

is psreferahly capable of being ncuved axially by oeans of hydraulic devices. 



S 9* A mettaa aocxcdingr to aiy one of the £»reoedingr Clzdms, char--* 
acterized in that the ocnibtgtihlft part of the €9^1osive gas 
is ^-'^^fT^*^ of one of the gases b^drogen gases, acetylene or hydrocarbon 
gas, sudi as gasol, town gas or gasified petroleun pro duc ts* 

^10. An arrangement for joining mechanically an inner 
tube to an outer tube by radial expansion of at least the 
inner tube with the aid of an internal overpressure, 
characterised by a device for introducing Into the inner 
tube an explosive gas; and by a fxirther device for 
igniting the explosive gas to explode the same. 



U. An arranqaaent aooocding to Claim 10, rurtiier oomprislog a 
device far adjuaiing ^ energy content of tbB eoeplosiv e gas so that 
tbB ixtnsr tube is defonnad plastically and so that the outer tube 
20 is dafcB3nad only elastically. 



12. An arcangement according to Claim 10 cr 11, further 
coraprising an evacuating device for evacuating air frcm the 

inner tube prior to or in ocsnjunction with iiitrodLicing toe enplosive 
25 gas. 

An arranganent aooonJing to claim 10, ll or 12, furthar 
cooprialns devices for delivering an inert gas to the. inner tube 

so as to reduce the spg gifir energy content of the explcsivB gas. • 

30 

14. An arrangement according to Claim 10, 11, 12 or 13, 
further comprising a body for insertion into the inner 
tube so as to reduce the available gas-filling volume in 
said inner tube. 

35 

15. An arranganent aocxiandii^ to aalm 10, 11, 12, 13 ca: 14, fxirther 
(xnvirising a device tear evacuating the gi^ defined between 
the inner tute and tha outer tube during the tube joining process. 



16. An arrarwowant aooooidim to Claim 10, U, 22, 13, 14 or 15, 

further convrising two end covers between lAdxA the 

tubes are sealingly disposed; in tiiat an eoplosive gas delivery 

line Is providaa in a first of said end oovecs sadd eand- 

cover preferably being fixedly mounted; and in tlmt evaoiation cutlets 

are provided in the otiier of said end oovecs, said eaid covsr 
preferably being incweable asdally by means of h^drauUc devices for 
instanoe* 

17. A method for Joining an inner tube to an outer tube 
by radial expansion substantially as herein described and 
Illustrated with reference to the accompanying drawings. 



18. 



An arrangement for joining mechanically an inner 
tube to an outer tube by radial expansion substantially 
as herein described and illustrated with reference to the 
accompany Ing drawings* 
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